Humans have created and maintained an exponentially large and sophisticated behavioral corpus over evolutionary time. In no small part this was achieved due to our tendency to imitate behaviours rather than to emulate outcomes. This tendency, however, can lead to inefficiency and redundancy in our behavioral repertoires. Drawing on evidence from multiple fields of psychology, we propose two novel competing hypotheses. The 'catalyst hypothesis' suggests that low (but not high) proportions of ritualized gesture in instrumental action sequences will improve subsequent recall of the entire action sequence (without itself enhancing the instrumental utility of the sequence). Conversely, the 'cost hypothesis' suggests that increasing proportions of ritualized gesture will impair recall, due to the introduction of cognitive load. The null hypothesis states that ritualized gestures are neither beneficial nor costly. In a pre-registered experiment, we presented participants with multiple versions of two complicated 2-min action sequences in which we varied the proportion of ritualized gesture. We then quantified the influence ritualized gesture had on recall for individuals gestures, overall outcomes, and described detail. We found clear evidence that high proportions of ritualized gestures impair recall for individual gestures and overall success, and weak evidence that low proportions increase overall success. At present, we may reject the null, but cannot rule out either of our competing hypotheses. We discuss potential implications for cultural evolution, and generate competing predictions that allow for adjudication between Ritual Modes theory (Whitehouse, 2004) and the 'Cognitive Resource Depletion' account of Religious Interaction (Schjoedt et al., 2013). All files (including data and syntax) are freely available at https://osf.io/spz68/.
Introduction
"Make an eyesalve against a wen: take equal amounts of cropleac [an Allium species] and garlic, pound well together, take equal amounts of wine and oxgall, mix with the alliums, put this in a brass vessel, let [the mixture] stand for nine nights in the brass vessel, wring through a cloth and clarify well, put in a horn and at night apply to the eye with a feather; the best medicine." -Bald's Leechbook (Voth, 2017), as described in Harrison et al., 2015) In 2015 a team of chemists, biologists, and historians attempted to exactly re-create a 1100 year old medicine for the treatment of a Sty (an infection of the eyelash follicle; Harrison et al., 2015) . Given the ritualistic features of the recipe it was to their surprise, that not only was the treatment efficacious, but it was efficacious against MRSA -a particularly problematic strain of treatment-resistant bacteria. The roles played by some ingredients seemed intuitive -garlic, onion, and brass are known to have antimicrobial properties -while the role of other ingredients was less clear. What role did wine play, for example? Did it contribute antimicrobial qualities, or did it merely act as a solvent (p. 2)? Similarly, some of the processes seemed clear and importantpounding and mixing are, in principle, causally relevant -while other processes are opaque. Did the mixture really need to sit nine days, be mixed in a brass vessel, and applied at night with a feather? The team found that a 9-day latency was superior to a 5-day latency, but the use of the brass vessel was irrelevant. These results are surprising, not least because a decade earlier Brennessel, Drout, & Gravel, (2005) concluded, with reference to the same recipe, that "some of the Anglo-Saxon recipes take biologically efficacious ingredients and process them into ineffective mixtures" (pp. 184)
One reason it is difficult, a priori, to determine whether such sequences will be effective or not is due to causal opacity: causal opacity can be attributed to an action or a procedure when it is difficult or impossible to determine the physical-causal relationship between the action and the outcome (Kapitány & Nielsen, 2015 , 2016 
